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SEMICONDUCTOR STORAGE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese patent application No. 2014-040521,
filed on Mar. 3, 2014, the disclosure of which 1s incorporated
herein 1n 1ts entirety by reference.

BACKGROUND

The present invention relates to a semiconductor storage
device.

In SRAM (Static Random Access Memory), which 1s one
of semiconductor storage devices, various proposals are
made for reduction of a leakage current.

For example, a technique that reduces a leakage current
by raising the source potential of a memory cell to be higher
than the VSS level during SRAM resume standby 1s pro-
posed (Japanese Unexamined Patent Application Publica-
tion No. 2004-206745). In this technique, 0.4V 1s applied to
the source of the memory cell. On the other hand, 1.0V 1s
applied as a power supply potential to bit lines.

Besides, a technique that sets bit lines i1n floating state
during resume standby in order to prevent an excessive
leakage current from flowing due to a hardware defect such
as fixation of a memory cell mternal node to Low level 1s
proposed (Japanese Unexamined Patent Application Publi-
cation No. 2010-198729).

In the resume standby mode of a resume standby circuit,
a channel leakage 1s reduced by raising the source potential
of a memory cell to be higher than the VSS level, thereby
reducing a leakage current of the whole module. In this
mode, a voltage at the VDD level or the level lower than
VDD by NMOS Vth 1s applied to the bit lines. On the other
hand, in the recent microfabrication process, a leakage
current to the substrate of an access transistor through the bit
lines 1s large due to GIDL (Gate Induced Drain Leakage),
and particularly at room temperature, a leakage current
cannot be sufliciently reduced in a normal resume standby
circuit.

SUMMARY

The present inventor has found that the above-described
techniques have the following problems. In the recent
microfabrication process, a leakage current to the substrate
of an access transistor through bit lines 1s not negligible due
to GIDL (Gate Induced Drain Leakage). Particularly, at
room temperature, the GIDL component 1s dominant com-
pared with the channel leakage component. Therefore, in the
resume standby circuit that raises the source potential of the
memory cell to be higher than the VSS level disclosed in
Japanese Unexamined Patent Application Publication No.
2004-206745, the leakage current cannot be eflectively
reduced at room temperature. Further, 11 the bit lines are set
to floating during resume standby as disclosed in Japanese
Unexamined Patent Application Publication No. 2010-
198729, a leakage current through the bit lines due to GIDL,
not only a hardware defect, can be reduced. However, the
source potential of the memory cell 1s at the VSS level 1n
Japanese Unexamined Patent Application Publication No.
2010-198729, and a leakage current cannot be eflectively
reduced at high temperature. Another problem of setting the
bit lines to floating 1s an increase 1n a peak current at time
of resume return. I the bit lines are set to floating, the bit line
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potential decreases to the VSS level due to a leakage current
or the like 1n some cases. When returning from the resume
standby mode to the normal operation mode, the bit lines are
charged from the VSS level to the VDD level by a precharge
transistor. In the normal operation, the number of bit lines to
be charged 1s one bit line pair for each MUX (Y-address
multiplexer) and either one of True/Bar, and thus the number
of bit lines to be charged at a time 1s limited to the number
of all bit lines/MUX/2. On the other hand, when returning
from the resume standby mode to the normal operation
mode, there 1s a possibility that all bit lines are charged at the
same time. Because the precharge transistor needs to charge
the bit lines to the VDD level 1 one cycle during the normal
operation, 1t 1s designed to have a considerably large size.
Therefore, 11 the precharge transistor charges all bit lines at
the same time, a significantly large peak current flows,
which can cause the occurrence of an 1stantaneous voltage
drop. FIG. 11 1s a diagram schematically showing a voltage
drop during precharge of a semiconductor storage device. A
voltage drop can cause the occurrence of a malfunction in
another analog circuit, logic circuit or the like 1n the vicinity,
for example. Further, 1t can cause a reliability defect such as
clectromigration.

The other problems and novel features of the present
invention will become apparent from the description of the
specification and the accompanying drawings.

A semiconductor device according to one embodiment
includes an SRAM memory cell, an I/0 circuit connected to
bit lines, and an operating mode control circuit that switches
an operating mode of the I/O circuit. The 1I/0 circuit includes
a write driver, a sense amplifier, a first switch inserted
between the bit lines and the write driver, a second switch
inserted between the bit lines and the sense amplifier, a
precharge circuit that precharges the bit lines, and a control
circuit that controls the first and second switches and the
precharge circuit. The control circuit turns off the first and
second switches and the precharge circuit 1n the resume
standby mode, and causes the precharge circuit to precharge
the bit lines with a smaller driving force compared with in
the normal operation mode when returning from the resume
standby mode to the normal operation mode.

According to one embodiment, 1t 1s possible to reduce a
leakage current and suppress a bit line precharge current

when switching operating mode 1n a semiconductor storage
device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, advantages and features will
be more apparent from the following description of certain
embodiments taken in conjunction with the accompanying
drawings, 1n which:

FIG. 1 1s a block diagram schematically showing a
configuration of a semiconductor storage device according
to a first embodiment.

FIG. 2 1s a circuit diagram showing in more detail a
configuration of the semiconductor storage device according
to the first embodiment.

FIG. 3 1s a diagram showing a configuration example of
a delay circuat.

FIG. 4 1s a timing chart of signals in the semiconductor
storage device according to the first embodiment.

FIG. 5 1s a circuit diagram schematically showing a
configuration of a semiconductor storage device according
to a second embodiment.
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FIG. 6 1s a block diagram schematically showing a
configuration of a semiconductor storage device according
to a third embodiment.

FI1G. 7 1s a circuit diagram showing a word line driver and
a memory cell according to the third embodiment.

FIG. 8 1s a timing chart of signals in the semiconductor
storage device according to the third embodiment.

FIG. 9 1s a circuit diagram schematically showing a
configuration of a semiconductor storage device according
to a fourth embodiment.

FIG. 10 1s a timing chart of signals in the semiconductor
storage device according to the fourth embodiment.

FIG. 11 1s a diagram schematically showing a voltage
drop during precharge in a semiconductor storage device.

DETAILED DESCRIPTION

The preferred embodiments of the present invention will
be described hereinafter in detail with reference to the
drawings. It 1s noted that 1n the description of the drawings
the same elements will be denoted by the same reference
symbols and redundant description will be omitted.

First Embodiment

A semiconductor storage device 100 according to a first
embodiment 1s described heremafter. FIG. 1 1s a block
diagram schematically showing a configuration of the semi-
conductor storage device 100 according to the first embodi-
ment. FIG. 2 1s a circuit diagram showing in more detail a
configuration of the semiconductor storage device 100
according to the first embodiment. As shown in FIGS. 1 and
2, the semiconductor storage device 100 1s configured as
SRAM. The semiconductor storage device 100 includes a
memory cell 1, an I/O circuit 2, and an operating mode
control circuit 3.

The semiconductor storage device 100 includes a plurality
of memory cells, a plurality of word lines, and a plurality of
bit line pairs. Note that, however, because the configuration
of the memory cells, the word lines and the bit line pairs are
respectively the same, each of the plurality of memory cells,
the plurality of word lines, and the plurality of bit line pairs
1s not distinguished from one another in the following
embodiments.

The memory cell 1 includes NMOS transistors N1 to N4
and PMOS transistors P1 and P2. In the memory cell 1, the
NMOS ftransistors N1 and N2 function as transier transis-
tors, The NMOS transistors N3 and N4 function as drive
transistors. The PMOS transistors P1 and P2 function as
loads.

The drain of the NMOS transistor N1 1s connected to the
bit line BT. The drain of the NMOS transistor N2 1s
connected to the bit line BB. The gates of the NMOS
transistors N1 and N2 are connected to the word line WL. A
power supply potential VDD 1s applied to the sources of the
PMOS ftransistors P1 and P2. The drain of the PMOS
transistor P1 1s connected to the source of the NMOS
transistor N1, the drain of the NMOS transistor N3 and the
gates of the NMOS ftransistor N4 and the PMOS transistor
P2. The drain of the PMOS transistor P2 1s connected to the
source of the NMOS transistor N2, the drain of the NMOS
transistor N4, and the gates of the NMOS transistor N3 and
the PMOS transistor P1. The sources of the NMOS transis-
tors N3 and N4 are connected to the ground (ground
potential VSS).

The I/O circuit 2 includes a write driver 21, a sense
amplifier 22, a normal operation precharge circuit 23, a
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4

resume standby return precharge circuit 24, a write column
switch 25, a read column switch 26, and a column /O
control circuit 27.

The write driver 21 writes data to the bit line BT and the
bit line BB. The sense amplifier 22 reads data from the bit
line BT and the bit line BB.

The normal operation precharge circuit 23 includes
PMOS ftransistors P31 to P33. One end of the PMOS
transistor P31 1s connected to the bit line BT and the other
end 1s connected to the bit line BB. The power supply
potential VDD 1s applied to the sources of the PMOS
transistors P32 and P33. The drain of the PMOS transistor
P32 is connected to the bit line BT. The drain of the PMOS
transistor P33 1s connected to the bit line BB. A precharge
control signal CPC 1s mput to the gates of the PMOS
transistors P31 to P33 from the column I/O control circuit
27.

The resume standby return precharge circuit 24 includes
PMOS transistors P41 and P42. The power supply potential

VDD 1s applied to the sources of the PMOS ftransistors P41
and P42. The drain of the PMOS transistor P41 1s connected
to the bit line BT. The drain of the PMOS transistor P42 1s
connected to the bit line BB. A resume mode return pre-
charge signal RSPC i1s input to the gates of the PMOS
transistors P41 and P42 from the operating mode control
circuit 3.

The write column switch 25 includes NMOS transistors
N51 and N52. One end of the NMOS transistors N51 1s
connected to the bit line BT and the other end 1s connected
to the write driver 21. One end of the NMOS transistors N352
1s connected to the bit line BB and the other end 1s connected
to the write driver 21. A write switch control signal CWSE
1s mput to the gates of the NMOS transistors N51 and N52
from the column I/O control circuit 27.

The read column switch 26 includes PMOS transistors
P61 and P62. One end of the PMOS transistor P61 1is
connected to the bit line BT and the other end 1s connected
to the sense amplifier 22. One end of the PMOS transistor
P62 1s connected to the bit line BB and the other end 1is
connected to the sense amplifier 22. A read switch control
signal CRSE 1s 1nput to the gates of the PMOS transistors
P61 and P62 from the column I/O control circuit 27.

The column I/O control circuit 27 includes a PMOS
transistor P71, NAND circuits 271 and 272 and an inverter
273. The power supply potential VDD 1s applied to the
source of the PMOS ftransistor P71. An mnverted operating
mode switchung signal RSI 1s 1input to the gate of the PMOS
transistor P71. A precharge signal PC 1s mput to one input
terminal of the NAND circuit 271, and the output terminal
1s connected to the gates of the PMOS transistors P31 to P33
in the normal operation precharge circuit 23 and outputs the
precharge control signal CPC. A Y-selection signal YO0 1s
input to one mput terminal of the NAND circuit 272, and a
sense enable signal SE from the sense amplifier 22 1s input
to the other input terminal. The output terminal of the
inverter 273 1s connected to the gates of the NMOS tran-
sistors N51 and N52 in the write column switch 25 and
outputs the write switch control signal CWSE. The drain of
the PMOS transistor P71, the gates of the PMOS transistors
P61 and P62 1n the read column switch 26, the other mput
terminal of the NAND circuit 271, the output terminal of the
NAND circuit 272 and the input terminal of the inverter 273
are connected to each other.

The operating mode control circuit 3 includes an inverter
31, a delay circuit 32, an AND circuit 33, an inverter 34 and
a NAND circuit 35. An operating mode switching signal RS
1s input to the mput terminal of the mverter 31, and an
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inverted operating mode switching signal RSI, which 1s an
inverted signal of the operating mode switching signal RS,
1s output from the output terminal. The mput terminal of the
delay circuit 32 1s connected to the output terminal of the
inverter 31 and recerves the inverted operating mode switch-
ing signal RSI. A delayed inverted operating mode switching
signal RSI_D, which 1s generated by delaying the imnverted
operating mode switching signal RSI, 1s output from the
output terminal of the delay circuit 32. One mput terminal of
the AND circuit 33 1s connected to the output terminal of the
inverter 31 and recerves the inverted operating mode switch-
ing signal RSI. The other input terminal of the AND circuit
33 1s connected to the output terminal of the delay circuit 32
and recerves the delayed inverted operating mode switching
signal RSI_D. The precharge signal PC 1s output from the
output terminal of the AND circuit 33. The input terminal of
the mverter 34 1s connected to the output terminal of the
delay circuit 32 and receives the delayed inverted operating
mode switching signal RSI_D, and the output terminal 1s
connected to one mput terminal of the NAND circuit 35. The
other mput terminal of the NAND circuit 35 1s connected to
the output terminal of the iverter 31 and receives the
inverted operating mode switching signal RSI. The output
terminal of the NAND circuit 35 1s connected to the gates of
the PMOS transistors P41 and P42 in the resume standby
return precharge circuit 24 and outputs the resume mode
return precharge signal RSPC. Further, the inverted operat-
ing mode switching signal RSI 1s output to the gate of the
PMOS transistor P71 1n the column I/O control circuit 27.

Note that the delay circuit 32 can be configured as
follows, for example. FIG. 3 1s a diagram showing a
configuration example of the delay circuit 32. The delay
circuit 32 includes buflers 321, an inverter 322 and an
inverter 323.

The inverter 322 1s placed 1n the position where 1t can
receive supply of the mverted operating mode switching,
signal RSI having passed through the memory cell 1 the
semiconductor storage device 100. In this position, the
inverted operating mode switching signal RSI 1s input to the
input terminal of the inverter 322.

The bullers 321 are placed respectively 1n near proximity
to the plurality of I/O circuits 2 corresponding to the
plurality of memory cells 1 1n the semiconductor storage
device 100. The plurality of buil

ers 321 are connected 1n
cascade. The mput terminal of the plurality of buflers 321
connected 1n cascade 1s connected to the output terminal of
the inverter 322. The output terminal of the plurality of
buflers 321 connected 1n cascade 1s connected to the input
terminal of the mnverter 323. The delayed inverted operating,
mode switching signal RSI_D 1s output from the output
terminal of the mverter 323.

The operation of the semiconductor storage device 100 1s
described heremaftter. FIG. 4 1s a timing chart of signals 1n
the semiconductor storage device 100 according to the first
embodiment. The operation in the case of NOP (non-opera-
tion) state in the normal operation mode 1s described first. In
this state, the word line WL 1s Low level, the Y-selection
signals Y0 and Y1 are both Low level, and the operating
mode switching signal RS 1s Low level.

Because the Y-selection signals YO0 and Y1 are both. Low
level, the read switch control signal CRSE 1s High level.
Accordmgly, the read column switch 26 1s ofl, and the sense
amplifier 22 and the bit line BT and the 31‘[ line BB are
clectrically disconnected from each other.

Because the read switch control signal CRSE 1s High
level, the write switch control signal CWSE 1s Low level.
Accordingly, the write column switch 25 1s off, and the write
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driver 21 and the bit line BT and the bit line BB are
clectrically disconnected from each other.

Because the operating mode switching signal RS 1s Low
level, the inverted operating mode switching signal RSI 1s
High level, and the delayed inverted operating mode switch-
ing signal RSI_D 1s High level. Accordingly, the resume
mode return precharge signal RSPC 1s ngh level, and the
resume standby return precharge circuit 24 1s off.

Because the inverted operating mode switching signal
RSI 1s High level and the delayed inverted operating mode
switching signal RSI_D 1s High level, the precharge signal
PC 1s High level. Because the read switch control signal
CRSE 1s also High level, the precharge control signal CPC
1s Low level. Accordingly, the normal operation precharge
circuit 23 1s on, and the bit line BT and the bit line BB are
precharged to High level.

As described above, 1n the NOP state in the normal
operation mode, the bit line BT and the bit line BB are kept
at High level by the normal operation precharge circuit 23.
Note that, in this state, because the sources of the NMOS
transistors N3 and N4 1n the memory cell 1 are grounded
(ground potential VSS), a leakage current tlows from the
power supply to the ground due to a channel leakage of the
load (PMOS transistors P1 and P2), the drive transistor
(NMOS transistors N3 and N4) and the transier transistor
(NMOS transistors N1 and N2). Further, a leakage current
flows from the bit line (power supply) to the substrate of the
transfer transistor (ground) due to GIDL of the transier
transistor.

Next, the operation in the case of transition from the
normal operation mode to the resume standby mode (timing
T1 1n FIG. 4) 1s described. While the word line WL stays
Low level, the operating mode switching signal RS transi-
tions from Low level to High level. Note that, in the resume
standby mode, the power supply of an address decoder (not
shown) 1s cut, the Y-selection signals YO0 and Y1 are inde-
terminate.

The mverted operating mode switching signal RSI tran-
sitions from High level to Low level. Although the Y-selec-
tion signals YO0 and Y1 are indeterminate, because the
PMOS transistor P71 turns on, the read switch control signal
CRSE 15 drlven to High level. Accordingly, the read column
switch 26 1s ofl, and the sense amplifier 22 and the bit line
BT and the bit llne BB are electrically disconnected from
cach other.

Because the read switch control signal CRSE 1s High
level, the write switch control signal CWSE 1s Low level.
Accordingly, the write column switch 25 1s off, and the write
driver 21 and the bit line BB are electrically disconnected
from each other.

Even when the mverted operating mode switching signal
RST transitions from High level to Low level, the resume
mode return precharge signal RSPC remains ngh level and
the resume standby return precharge circuit 24 1s of

When the inverted operating mode switching, 81gnal RSI
transitions from High level to Low level, the precharge
signal PC becomes Low level. Accordingly, the precharge
control signal CPC becomes High level, and the normal
operation precharge circuit 23 1s off.

Because the word line WL 1s Low level, the transfer
transistor 1s ofl.

As described above, in the resume standby mode, the bat
line BT and the bait hne BB are electrically disconnected
from the other circuits in the semiconductor storage device
100 and are 1n floating state. Therefore, the potential of the
bit line BT and the bit line BB 1s determined to be the
potential at which a leakage current of the memory cell 1 and
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the other circuits 1s the smallest. It 1s therefore possible to
reduce a leakage current from the bit line to the substrate of
the transfer transistor due to GIDL.

Even when the inverted operating mode switching signal
RSI transitions from High level to Low level, the delayed
inverted operating mode switching signal RSI_D does not
immediately transition from High level to Low level. Spe-
cifically, the delayed inverted operating mode switching
signal RSI_D transitions from High level to Low level after
the lapse of a certain delay time from when the inverted
operating mode switching signal RSI transitions from High
level to Low level.

As described above, 1n the resume standby mode, the bit
line BT and the bit line BB are 1n floating state, and therefore
a leakage current from the bit line to the substrate of the
transfer transistor due to GIDL can be reduced.

Next, the operation 1 the case of returning from the
resume standby mode to the normal operation mode (timing,
12 1n FI1G. 4) 1s described. While the word line WL stays
Low level, the operating mode switching signal RS transi-
tions from High level to Low level. Note that, the power
supply of the address decoder 1s also cut, though not shown.
Theretore, the Y-selection signals Y0 and Y1 are indetermi-
nate. After a certain period of time at which the power
supply 1s restored, the Y-selection signals Y0 and Y1 become
Low level.

The mverted operating mode switching signal RSI tran-
sitions from Low level to High level. Although the Y-selec-
tion signals Y0 and Y1 are indeterminate inmitially, they
transition to Low level after a certain period of time, and the
read switch control signal CRSE 1s driven to High level.
Accordingly, the read column switch 26 1s off, and the sense
amplifier 22 and the bit line BT and the bit line BB are
clectrically disconnected from each other.

Because the read switch control signal CRSE 1s High
level, the write switch control signal CWSE 1s Low level.
Accordingly, the write column switch 25 1s off, and the write
driver 21 and the bit line BT and the bit line BB are
clectrically disconnected from each other.

Even when the inverted operating mode switching signal
RSI transitions from Low level to High level, the delayed
inverted operating mode switching signal RSI_ID does not
immediately transition from Low level to High level.

When the mverted operating mode switching signal RSI
becomes High level, the resume mode return precharge
signal RSPC becomes Low level. Accordingly, the resume
standby return precharge circuit 24 turns on, and the bit line
BT and the bit line BB are precharged to High level.

Because the delayed inverted operating mode switching,
signal RSI_D does not immediately transition from Low
level to High level, even when the mverted operating mode
switching signal RSI becomes High level, the precharge
signal PC 1s kept at Low level. Accordingly, the precharge
control signal CPC 1s kept at High, and the normal operation
precharge circuit 23 1s also kept ofl. Therefore, during the
period when the bit line BT and the bit line BB are
precharged for return by the resume standby return pre-
charge circuit 24, precharge by the normal operation pre-
charge circuit 23 is not performed.

After the lapse of a certain period of time from when the
inverted operating mode switching signal RSI transitions
from Low level to High level (timing T3 i FIG. 4), the
delayed inverted operating mode switching signal RSI_D
transitions from Low level to High level. As a result, the
resume mode return precharge signal RSPC transitions to
High level, and the resume standby return precharge circuit
24 turns ofl.
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On the other hand, the precharge signal PC transitions to
High level. Because the read switch control signal CRSE 1s
High level, the precharge control signal CPC transitions to
Low level, and the normal operation precharge circuit 23
turns on. The semiconductor storage device 100 thereby
returns to the normal operation mode.

As described above, at the time of returming from the
resume standby mode to the normal operation mode, the bit

line BT and the bit line BB are charged to High level by the

resume standby return precharge circuit 24 for a certain
period of time after the return. Then, after the lapse of the
certain period, the circuit to precharge the bit line BT and the
bit line BB changes from the resume standby return pre-
charge circuit 24 to the normal operation precharge circuit
23, and the return to the normal operation mode 1s thereby
completed.

As described above, at the time of returming from the
resume standby mode to the normal operation mode, 1t 1s
necessary to precharge both of the bit line BT and the bit line
BB 1n the semiconductor storage device 100, and therefore
a larger current 1s required for precharge compared with 1n
the normal operation mode. Because a large number of bit
lines are mncluded 1n the semiconductor storage device 100,
if they are precharged using the normal operation precharge
circuit 23, a peak current required for precharge at the time
of returning from the resume standby mode to the normal
operation mode 1s large.

On the other hand, in the semiconductor storage device
100, the driving force of the resume standby return pre-
charge circuit 24 1s designed to be smaller than the driving
force of the normal operation precharge circuit 23. It is
thereby possible to suppress a peak current when performing
precharge at the time of returning from the resume standby
mode to the normal operation mode.

Accordingly, 1n this configuration, it 1s possible to prevent
the occurrence of a reliability defect such as power supply
potential drop or electromigration compared with the case of
using the normal operation precharge circuit for precharge at
the time of returning from the resume standby mode to the
normal operation mode.

Further, 1n this configuration, the bit line 1s in floating
state during the resume standby mode as described above. It
1s thereby possible to reduce a leakage current due to GIDL
flowing from the bit line to the substrate of the transfer
transistor.

Second Embodiment

A semiconductor storage device 200 according to a sec-
ond embodiment is described heremafter. FIG. 5 1s a circuit
diagram schematically showing a configuration of the semi-
conductor storage device 200 according to the second
embodiment. As shown 1n FIG. §, the semiconductor storage
device 200 includes a memory cell 1, an I/O circuit 4, and
an operating mode control circuit 5.

The I/O circuit 4 has a configuration in which the resume
standby return precharge circuit 24 1s eliminated from the
I/O circuit 2 described 1n the first embodiment and further
the normal operation precharge circuit 23 and the column
I/O control circuit 27 are replaced by a normal operation
precharge circuit 43 and the column I/O control circuit 47,
respectively. The other configuration of the 1/0 circuit 4 1s
the same as that of the I/O circuit 2 and thus not redundantly
described.

The normal operation precharge circuit 43 has a configu-
ration 1n which the sources of the PMOS transistors P31 and
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P32 in the normal operation precharge circuit 23 are con-
nected to a precharge power supply line PSL istead of
VDD.

The column I/O control circuit 47 has a configuration in
which the NAND circuit 271 in the column I/O control
circuit 27 1s changed to an 1nverter 471. The input terminal

of the inverter 471, the drain of the PMOS transistor P71,
and the gates of the PMOS transistors P61 and P62 1n the
read column switch 26, the output terminal of the NAND
circuit 272, and the mput terminal of the mverter 273 are
connected to each other. The output terminal of the inverter
4’71 1s connected to the gates of the PMOS transistors P31
to P33 in the normal operation precharge circuit 43 and
outputs a precharge control signal CPC. The other configu-
ration of the column 1I/0 control circuit 47 1s the same as that

of the column I/O control circuit 27 and thus not redundantly
described.

The operating mode control circuit 3 includes an iverter
31, a delay circuit 32, an OR circuit 51, an NMOS transistor
N3 and a PMOS transistor P3.

The mverter 31 and the delay circuit 32 are the same as
those of the operating mode control circuit 3 described 1n the
first embodiment.

The power supply potential VDD 1s applied to the drain
and the gate of the NMOS transistor N5. The source of the
NMOS transistor N5 1s connected to the precharge power
supply line PSL. The power supply potential VDD 1s applied
to the source of the PMOS transistor P5. The drain of the
PMOS transistor P5 1s connected to the precharge power
supply line PSL.

One input terminal of the OR circuit 51 1s connected to the
output terminal of the mverter 31 and receives the inverted
operating mode switching signal RSI. The other mput ter-
minal of the OR circuit 51 i1s connected to the output
terminal of the delay circuit 32 and receives the delayed
inverted operating mode switching signal RSI_D. The out-
put terminal of the OR circuit 51 1s connected to the gate of
the PMOS transistor P3.

The operation of the semiconductor storage device 200 1s
described hereinafter. The timing of signals 1n the semicon-
ductor storage device 200 1s the same as shown in FIG. 4.

In the NOP state 1in the normal operation mode, the PMOS
transistor PS5 and the NMOS transistor N5 are on, and the
power supply potential VDD 1s applied to the precharge
power supply line PSL.

On the other hand, 1n the resume standby mode (timing T1
in FIG. 4), the PMOS ftransistor P5 1s ofl and the NMOS
transistor N5 1s on. Accordingly, a voltage that 1s lower than
the power supply potential VDD by Vth (threshold) of the
NMOS ftransistor N5 1s applied to the precharge power
supply line PSL. Because the precharge control signal CPC
1s High level, the normal operation precharge circuit 43 1s
ofl, and the bit line BT and the bit line BB are in floating
state.

In the case of returning from the resume standby mode to
the normal operation mode (timing T2 1n FIG. 4), the PMOS
transistor P35 1s off and the NMOS transistor N3 1s on for a
certain period of time. On the other hand, because the
precharge control signal CPC 1s Low level, the bit line BT
and the bit line BB are precharged. At this time, the voltage
that 1s lower than the power supply potential VDD by Vth
(threshold) of the NMOS ftransistor N3 1s continuously
applied to the precharge power supply line PSL. Therefore,
precharge of the bit lines 1s performed slowly, and 1t 1s
thereby possible to reduce a peak current at the time of
precharge, just like the semiconductor storage device 100.
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As described above, according to this configuration, when
charging the bit lines at the time of returning from the
resume standby mode to the normal operation mode, the
power supply potential applied to the charging transistor in
the normal operation precharge circuit 43 1s dropped to
reduce the driving capability of the charging transistor. It 1s
thereby possible to suppress a peak current at the time of
return, just like the semiconductor storage device 100.

Therefore, in this configuration, the same advantageous
cllects as the semiconductor storage device 100 according to
the first embodiment can be obtained.

Third Embodiment

A semiconductor storage device 300 according to a third
embodiment 1s described hereinafter. FIG. 6 1s a block
diagram schematically showing a configuration of the semi-
conductor storage device 300 according to the third embodi-
ment. As shown 1n FIG. 6, the semiconductor storage device
300 has a configuration i which a word line driver 6 is
added to the semiconductor storage device 100.

FIG. 7 1s a circuit diagram showing the word line drniver
6 and the memory cell 1 according to the third embodiment.
The word line driver 6 includes a control signal generation
circuit 61, a driver circuit 62, a resume standby word line
holding circuit 63, a return word line power supply switch
64, and a word line power supply switch 65.

The control signal generation circuit 61 includes inverters
611 to 613, a NOR circuit 614 and a NAND circuit 615. The
inverted operating mode switching signal RSI 1s input to the
input terminal of the iverter 611 from the operating mode
control circuit 3. A return word line power supply switch
control signal LCM 1s output from the output terminal of the
inverter 611. The mverted operating mode switching signal
RSI 1s mput to one input terminal of the NOR circuit 614
from the operating mode control circuit 3. The delayed
inverted operating mode switching signal RSI_D 1s mput to
the other input terminal of the NOR circuit 614 from the
operating mode control circuit 3. The output terminal of the
NOR circuit 614 1s connected to the input terminal of the
inverter 612 and one input terminal of the NAND circuit
615. A word line power supply switch control signal LCMW
1s output from the output terminal of the inverter 612. The
input terminal of the inverter 613 1s connected to the output
terminal of the inverter 612 and receives the word line power
supply switch control signal LCMW. An inverted word line
power supply switch control signal LCMWI 1s output from
the output terminal of the mverter 613 to the other input
terminal of the NAND circuit 615. A resume standby word
line holding control signal LSMWD 1s output from the
output terminal of the NAND circuit 6135.

The return word line power supply switch 64 includes a
PMOS transistor P6. The power supply potential VDD 1s
applied to the source of the PMOS transistor P6. The drain
of the PMOS transistor P6 1s connected to a word line driver
power supply line LCVDD. The return word line power
supply switch control signal LCM 1s mput to the gate of the
PMOS ftransistor P6.

The word line power supply switch 65 includes a PMOS
transistor P7. The power supply potential VDD 1s applied to
the source of the PMOS transistor P7. The drain of the
PMOS transistor P7 1s connected to the word line driver
power supply line LCVDD. The gate of the PMOS transistor
P7 1s connected to the output terminal of the inverter 612 and
receives the word line power supply switch control signal

LCMW.




US 10,068,641 B2

11

The driver circuit 62 includes a PMOS transistor P11 and
an NMOS transistor N11. The PMOS transistor P11 and the
NMOS transistor N11 form an inverter circuit. The source of
the PMOS transistor P11 1s connected to the drain of the
PMOS transistor P6 1n the return word line power switch 64
and the dramn of the PMOS ftransistor P7 in the word line
power supply switch 65 (1.e. the word line driver power
supply line LCVDD). The drain of the PMOS transistor P11
1s connected to the drain of the NMOS transistor N11 and the
word line WL. The source of the NMOS transistor N11 1s
grounded (ground potential VSS). A word line selection
signal WLS 1s mput to the gates of the PMOS transistor P11
and the NMOS transistor N11.

The resume standby word line holding circuit 63 includes
an NMOS transistor N6. The drain of the NMOS transistor
N6 1s connected to the word line WL between the driver
circuit 62 and the memory cell 1. The source of the NMOS
transistor N6 1s grounded (ground potential VSS). The gate
of the NMOS ftransistor N6 i1s connected to the output
terminal of the NAND circuit 615 and receives the resume
standby word line holding control signal LSMWD.

The operation of the semiconductor storage device 300 1s
described heremaftter. FIG. 8 1s a timing chart of signals 1n
the semiconductor storage device 300 according to the third
embodiment. First, the operation 1n the case of the NOP state
in the normal operation mode 1s described. In the NOP state
in the normal operation mode, the operating mode switching
signal RS 1s Low level.

At this time, the delayed inverted operating mode switch-
ing signal RSI_D 1s High level, and therefore the word line
power supply switch control signal LCMW 1s Low level.
Accordingly, the word line power supply switch 65 1s on and
drives the word line driver power supply line LCVDD to
High level.

At this time, the inverted operating mode switching signal
RSI 1s High level. Accordingly, the return word line power
supply switch control signal LCM 1s Low level, and the
return word line power switch 64 1s on and drives the word
line driver power supply line LCVDD to High level.

Because the word line power supply switch control signal
LCMW 1s Low level, the inverted word line power supply
switch control signal LCMWI 1s High level. Accordingly,
the resume standby word line holding control signal
LSMWD 1s Low level, and the resume standby word line
holding circuit 63 1s ofj.

As described above, in the normal operation mode, the
word line driver power supply line LCVDD 1is driven to
High level by both of the word line power supply switch 635
and the return word line power switch 64.

Next, the operation 1 the case of transition from the
normal operation mode to the resume standby mode (timing,
T1 1n FIG. 8) 1s described. At this time, the operating mode
switching signal RS transitions from Low level to High
level.

Because the operating mode switching signal RS becomes
High level, the word line power supply switch control signal
LCMW becomes High level, and the word line power supply
switch 65 turns ofl.

Because the mnverted operating mode switching signal
RSI becomes Low level, the return word line power supply
switch control signal LCM becomes High level, and the
return word line power switch 64 turns ofl.

Because the word line power supply switch control signal
LCMW becomes High level, the inverted word line power
supply switch control signal LCMWI becomes Low level.
Accordingly, the resume standby word line holding control

signal LSMWD becomes High level, and the resume
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standby word line holding circuit 63 turns on, and all of the
word lines WL are held at Low level.

As described above, 1n the resume standby mode, the
word line driver power supply line LCVDD 1s floating,
thereby reducing a leakage current in the driver circuit 62.
Further, the word lines WL are held at Low level by the
resume standby word line holding circuit 63, instead of the
driver circuit 62.

Next, the operation 1n the case of returning from the
resume standby mode to the normal operation mode (timing
12 1n FIG. 8) 1s described. At this time, the operating mode
switching signal RS transitions from High level to Low
level.

Even when the operating mode switching signal RS
transitions to Low level, the delayed inverted operating
mode switching signal RSI_D does not immediately transi-
tion from Low level to High level. The word line power
supply switch control signal LCMW also does not immedi-
ately transition to Low level, and therefore the word line
power supply switch 65 remains off.

On the other hand, because the inverted operating mode
switching signal RSI becomes High level, the return word
line power supply switch control signal LCM immediately
becomes Low level, and the return word line power switch
64 turns on, and the word line dniver power supply line
LCVDD i1s charged to High level.

After a certain period of time from transition of the
inverted operating mode switching signal RSI from Low
level to High level (timing T3 in FIG. 8), the delayed
inverted operating mode switching signal RSI_D transitions
from Low level to High level.

The word line power supply switch control signal LCMW
thereby also transitions to Low level, and the word line
power supply switch 65 turns on, and the word line driver
power supply line LCVDD i1s driven to High level.

As described above, at the time of returning from the
resume standby mode to the normal operatlon mode, the
word line dniver power supply line LCVDD 1s charged to
High level by the return word line power switch 64 for a
certain period of time after the return. After that, the word
line power supply switch 635 turns on, and the return to the
normal operation mode 1s completed. The driving force of
the return word line power switch 64 1s designed to be
sufliciently smaller than the driving force of the word line
power supply switch 65 1n order to prevent an increase in a
peak current when charging the word line driver power
supply line LCVDD. Accordingly, the word line driver
power supply line LCVDD can be charged slowly compared
with the case of using the word line power supply switch 635
for charging. It 1s thereby possible to prevent the occurrence
ol an instantaneous voltage drop and a reliability defect due
to an increase 1n a peak current during charging.

Fourth Embodiment

A semiconductor storage device 400 according to a fourth
embodiment 1s described hereinafter. FIG. 9 1s a circuit
diagram schematically showing a configuration of the semi-
conductor storage device 400 according to the fourth
embodiment. As shown in FIG. 9, the semiconductor storage
device 400 has a configuration 1 which a source level

control circuit 7 1s added to the semiconductor storage
device 100.

The source level control circuit 7 includes NMOS tran-

sistors N15 and N16. The drain and the gate of the NMOS
transistor N15 are connected to a source line ARVSS. The

drain of the NMOS transistor N16 1s connected to the source
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line ARVSS. The mverted operating mode switching signal
RSI output from the operating mode control circuit 3 1s input

to the gate of the NMOS transistor N16. The sources of the
NMOS transistors N15 and N16 are grounded (ground
potential VSS).

The operation of the semiconductor storage device 400 1s
described heremaftter. FIG. 10 1s a timing chart of signals 1n
the semiconductor storage device 400 according to the
fourth embodiment. The operation of the semiconductor
storage device 400 except the source level control circuit 7
1s the same as that of the semiconductor storage device 100
and thus not redundantly described. The operation of the
source level control circuit 7 1s described hereinbelow.

In the normal operation mode, the inverted operating
mode switching signal RSI 1s High level. Thus, the source
line ARVSS 1s driven to Low level by the source level
control circuit 7.

When transition occurs from the normal operation mode
to the resume standby mode (ttming T1 i FIG. 10), the
inverted operating mode switching signal RSI transitions
from High level to Low level. Because the inverted operat-
ing mode switching signal RSI 1s Low level, the NMOS
transistor N16 1n the source level control circuit 7 1s off, and
the source line ARVSS 1s driven by the NMOS transistor
N15 in diode connection. Accordingly, the potential of the
source line ARVSS 1s determined by the ratio of a leakage
current of the memory cell 1 and an on-current of the NMOS
transistor N15 1n diode connection. Therefore, the potential
of the source line ARVSS rises to be higher than the ground
potential VSS, and 1t 1s thereby possible to reduce a leakage
current of the memory cell.

As described above, 1n this configuration, because the bit
line BT and the bit line BB are 1n tfloating state in the resume
standby mode just like 1n the semiconductor storage device
100, 1t 1s possible to reduce a leakage current from the bat
line to the substrate of the transfer transistor due to GIDL.

Further, 1n this configuration, the potential of the source
line ARVSS 1s raised to be higher than the ground potential
VSS level by the source level control circuit 7 1n the resume
standby mode. It 1s thereby possible to reduce a leakage
current due to a channel leakage as well. Therefore, further
reduction of a leakage current can be achieved in this
configuration.

Other Embodiments

The present mvention 1s not limited to the above-de-
scribed embodiments, and various changes and modifica-
tions may be made without departing from the scope of the
invention. For example, the 1/O circuit 2 and the operating
mode control circuit 3 1n the semiconductor storage device
according to the third and fourth embodiments may be
respectively replaced by the I/O circuit 4 and the operating,
mode control circuit 5 described 1n the second embodiment.

Further, both of the word line driver 6 and the source level
control circuit 7 may be included in the semiconductor
storage device according to the above-described embodi-
ments.

The transistors described 1n the above embodiments are
just examples. Various modifications, such as using other
transistors or changing conductivity types, may be made as
long as the same operation can be achieved.

Although embodiments of the present invention are
described specifically 1n the foregoing, the present invention
1s not restricted to the above-described embodiments, and
various changes and modifications may be made without
departing from the scope of the invention.
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The above-described embodiments can be combined as
desirable by one of ordinary skill in the art.

While the invention has been described in terms of several
embodiments, those skilled 1n the art will recognize that the
invention can be practiced with various modifications within
the spirit and scope of the appended claims and the invention
1s not limited to the examples described above.

Further, the scope of the claims 1s not limited by the
embodiments described above.

Furthermore, 1t 1s noted that, Applicant’s intent 1s to
encompass equivalents of all claim elements, even 1f
amended later during prosecution.

What 1s claimed 1s:

1. A static random access memory circuit 1n a semicon-

ductor device comprising:

a plurality of word lines;

a plurality of bit line pairs;

a plurality of memory cells coupled to the word lines and
the bit line pairs such that one of the memory cells 1s
coupled to one of the word lines and one bit line pair
of the bit line pairs;

a plurality of I/O circuits connected to the bit line pairs,
respectively, each of the I/O circuits including a pre-
charge circuit; and

an operating control circuit coupled to a precharge circuit
via a first power supply line and having a delay circuit
which receives a first control signal and outputs a
second control signal,

wherein the precharge circuit includes:

a first PMOS ftransistor having a source-drain path
coupled between the first power supply line and one
bit line of the one bit line parr,

a second PMOS transistor having a source-drain path
coupled between the first power supply line and the
other bit line of the one bit line pair, and

a third PMOS ftransistor having a source-drain path
coupled between the one bit line and the other bit
line,

wherein each of the first, second and third PMOS tran-
sistors has a gate coupled to receive a third control
signal,

wherein the operating control circuit has:

a first MOS transistor coupled to the first power supply
line and a first voltage point via a source-drain path
of the first MOS transistor, and

a second MOS transistor coupled to the first power
supply line and the first voltage point via a source-
drain path of the second MOS transistor, and

wherein the first MOS ftransistor has a gate controlled
based on the first and second control signals, and the
second MOS transistor has a gate coupled to the first
voltage point.

2. A static random access memory circuit according to

claim 1,

wherein the delay circuit includes a plurality of builers.

3. A static random access memory circuit according to

claim 1, wherein each memory cells 1includes:

a flip-flop having;

a first storage node,

a second storage node,

a first CMOS 1verter having an output coupled to the
first storage node and an mput coupled to the second
storage node, and

a second CMOS inverter having an output coupled to
the second storage node and an mput coupled to the
first storage node,
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the first CMOS mverter including a first load PMOS
transistor and a first drive NMOS transistor,
the second CMOS 1nverter including a second load
PMOS ftransistor and a second drive NMOS transis-
tor;
a first transtfer NMOS ftransistor having a source-drain
path coupled between the first storage node and the one
bit line and having a gate coupled to one word line of

the word lines, and
a second transter NMOS transistor having a source-drain
path coupled between the second storage node and the
other bit line and having a gate coupled to the one word
line of the word lines,
wherein the first and second load PMOS ftransistors have
sources coupled to the first voltage point.
4. A static random access memory circuit according to
claim 1,
wherein each of the I/O circuits includes a write drniver
connected to one bit line pair of the bit line pairs via a
first switch and a sense amplifier connected to one bit
line pair of the bit line pairs via a second switch.
5. A static random access memory circuit according to
claim 1,
wherein each of the I/O circuits includes a 1/O control
circuit which outputs the third control signal.
6. A static random access memory circuit according to
claim 5,
wherein the I/O control circuit includes a first inverter
which outputs the third control signal.
7. A static random access memory circuit according to
claim 5,
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wherein the static random access memory circuit has a
first mode and a second mode,
wherein the first MOS transistor 1s turned on based on the
first and second control signals when the static random
5 access memory circuit 1s in the first mode, and
wherein the second MOS transistor 1s turned ofl based on
the first and second control signals when the static
random access memory circuit 1s 1n the second mode.
8. A static random access memory circuit according to
10 claim 1,
wherein the static random access memory circuit has a
first mode and a second mode,
wherein the first MOS transistor 1s turned on based on the
first and second control signals when the static random
access memory circuit 1s 1n the first mode, and
wherein the second MOS transistor 1s turned ofl based on
the first and second control signals when the static
random access memory circuit 1s 1n the second mode.
9. A static random access memory circuit according to
20 claim 8,
wherein the third control signal 1s a high level when the
static random access memory circuit 1s 1n the second
mode, and
wherein the third control signal 1s a low level when the
static random access memory circuit 1s 1n the first
mode.
10. A static random access memory circuit according to
claim 9,
wherein the first mode 1s a normal operation mode, and
the second mode 15 a resume standby mode.
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